Background Retraction of the overlying brain can be difficult without causing significant trauma when using traditional brain retractors with blades. These retractors may produce focal pressure and may result in brain contusion or infarction. Tubular retractors offer the advantage of low retracting pressure that is less likely to be traumatic. Low retraction pressure in the tubular retractor is due to the distribution of retraction force in all directions in a larger area. Material and Methods We conducted a retrospective study of 100 patients with deepseated tumors operated on from January 2010 to December 2014. Tumor removal was accomplished with the help of a microscope and/or endoscope. Tubular brain retractors sizes 23, 18, and 15 mm were used. Folding of the tubular retractor after making a longitudinal cut allowed a small corticectomy. Larger retractor sizes were used in the earlier part of the study and in larger tumors. All the patients were evaluated postoperatively by computed tomography scan on the first postoperative day, and subsequent scans were done as and when needed. Any brain contusion or infarctions and the amount of tumor removal were recorded. Results A total of 74 patients had astrocytomas; 12, meningiomas; 4, colloid cyst of the third ventricle; 4, metastases; 4, primitive neuroectodermal tumor; 1, neurocytoma; and 1, ependymoma. Pure endoscopic excision without using a microscope was performed in 12 patients. Lesions were in the frontal (n ¼ 34), parietal (n ¼ 22), intraventricular (n ¼ 16), basal ganglion or thalamic (n ¼ 14), occipital (n ¼ 10), and cerebellar (n ¼ 4) areas. Total, near-total, and partial excision was achieved in 49, 29, and 22 patients, respectively. Use of a conventional retractor for excision of peripheral and superficial parts of a large tumor, small brain contusions, and technical failure were observed in 7, 4, and 1 patient, respectively. The low incidence of contusion may be partly due to the nonavailability of magnetic resonance imaging in the early postoperative period because of financial constraints. Conclusion Removal of deep-seated tumors was safe and effective using our simple tubular retractor. It also helped minimize bleeding during surgery. A tubular brain retractor and conventional retractor can be used to complement each other if required.
Introduction
Deep-seated intraparenchymal and intraventricular brain lesions require retraction of the overlying brain. This retraction can be difficult without causing significant trauma. Traditional brain retractors using blades produce focal pressure and thus are traumatic. 1 Complications like hemorrhagic infarct or contusions are reported with the use of such retractors.
2-5
Tubular retractors offer the advantage of low retracting pressure [1] [2] [3] [4] 6, 7 that is unlikely to be disruptive. 8 Low retraction pressure in our retractor system is due to an even distribution of retraction force in all directions over the larger area. Different types of tubular retractors are available including our own retractor. 1, [6] [7] [8] [9] [10] [11] We report our experience in the excision of deep-seated tumors using a microendoscopic technique.
Material and Methods
This is a retrospective study of 100 patients with deep-seated tumors treated from January 2010 to December 2014. The ethics committee of our institution approved the study. Data regarding history, physical examination, and relevant investigations were obtained from patients' records. Preoperative computed tomography (CT) scans (►Figs. 1A-C) were done in all patients, and a magnetic resonance imaging (MRI) scan (►Figs. 2A-C, 3A-C) could only be performed in 81 patients after 6 weeks of surgery. Tumor removal was done in the initial 15 patients using a microscope with the help of a 23-mm tubular retractor. Tubular brain retractor sizes of 18 mm and 15 mm were used in the following 85 patients, and procedures were performed with the help of a microscope and endoscope (Karl Storz, Tuttlingen, Germany), a 0-degree rigid scope 30 cm long and 4 mm in diameter. Larger retractor sizes were also required in bigger tumors. Larger size retractors provided more space to work when sufficient space was created after tumor removal in a big lesion. A larger size retractor tube was also better than a small one because the more space created after tumor removal tended to make the small size retractor unstable. In most of the patients, initial tumor excision was done with the help of a microscope; an endoscope was used for the final inspection and removal of lesions from corners. Pure endoscopic removal was done in 12 cases that were smaller and less vascular. All the patients were evaluated postoperatively by CT scan on the first postoperative day, and subsequent scans were done as and when needed and after 3 months (►Fig. 1D-F, 2D-F, 3D-F). MRI could not be done in the early postoperative period in any of the patients. Postoperative MRI scans were performed in only 81 patients 6 weeks after surgery due to financial constraints. Any brain contusion or infarctions and the amount of tumor removal were recorded.
Surgical Procedure
Details of the technique are described elsewhere. 5 A straight incision of 6 cm was made under general anesthesia. The dura mater was opened in a circular fashion after reflecting the bone flap. The silicone tubular retractors were precut to different lengths of 5, 6, 7, and 8 cm. A sterilized tube 30 cm long was also kept ready, and it could be cut to the required size on the The tubular retractor was folded to make a small-diameter tube so it could be introduced through a small corticectomy. Folded retractor, held by tissue forceps holding the free outer edge of the retractor (with one limb of the forceps outside and another inside the retractor) was introduced inside the opened Killian nasal speculum. 5 Tissue forceps and nasal speculum were removed leaving the tubular retractor in place. The folded retractor comes back to its normal tubular position after release. Its normal tubular configuration can be restored by gentle outward pressure on the retractor with two micro-instruments such as a suction cannula and dissector. Surgery was performed using a microscope or a 30-cmlong and 4-mm-diameter 0-degree telescope (Karl Storz) (►Figs. 4 and 5). A 30-cm-long scope versus an 18-cm-long scope keeps the camera head and light source cable away from the operative site. A telescope with its sheath was then fixed using a holder. Both hands could be used for removal of tumor with the help of a suction cannula, biopsy forceps, and other micro-instruments. Bipolar coagulation was done using a single-limb bipolar forceps. Most of the approaches were transcortical, interhemispheric route, or the access between dura matter and cortex was also used.
Proper selection of the site of incision is very important; the retractor should have 90-degree angle with the floor of the operating room to work properly (►Fig. 6). Proper vision and good magnification were possible in all the cases. The brain should be lax before introduction of the nasal speculum by the removal of CSF to decrease brain damage, especially when the lesion is very large. Help from the anesthesiologist and removal of some part of the superficially lying tumor using a microsurgical technique could be required to make the brain lax, especially in large tumors before the introduction of the nasal speculum to avoid surrounding brain contusion.
A tubular retractor could be effective in reducing bleeding by gently pushing it deep into the operative field and by angling the tube toward the bleeding vessel (►Fig. 7). Gently pushing the retractor deep and toward the bleeding vessel compresses the culprit vessels that helps minimize the This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. bleeding. The tubular retractor usually stays in position without any holder, especially when it is held 90 degrees to the floor of the operating table. Some micro-instrument held by the surgeon or an assistant is required to angulate the retractor away from its trajectory. The retractor should be positioned correctly at the center of the tumor (►Fig. 8A). The surrounding brain tends to compress the wall of the retractor if the wrong trajectory at the margin of tumor is selected and an attempt is made to move the tube toward the center or other end of the tumor (►Fig. 8B). It is difficult to access the whole area of a large tumor for its removal by the tubular retractor (►Fig. 9). More angulation is required for removal of a large tumor from one end to other end, which is difficult to maintain; the surrounding brain tends to push the system (►Fig. 9B). Full-thickness tumor removal in front of the tubular retractor from a superficial to deep aspect permits reduction of size of the lesion (►Fig. 9C, D). Brain tissue may soil the endoscope lens if it is lying close to the cut part of the tubular retractor; rotation of the retractor prevents this soiling. It is important to realize that this system is meant for deep-seated lesions; the superficial part lying at the corner is difficult to remove because it needs too much angulation. Use of a conventional retractor could be required in such situations. Direction of light in the microscope and endoscope should be parallel to the retractor wall. The transparent nature of the tube helped better visualize the surrounding brain tissue. Bleeding from the corticectomy margin was controlled while the retractor was gradually withdrawn.
This retractor should be autoclaved. It could also be sterilized by activated dialdehyde solution (Cidex solution; 
Results
Patients ranged from 2 to 76 years of age (68 male). There were 100 patients: astrocytoma n ¼ 74, meningiomas n ¼ 12, colloid cyst of third ventricle n ¼ 4, metastasis n ¼ 4, primitive neuroectodermal tumor n ¼ 4, neurocytoma n ¼ 1, and ependymoma n ¼ 1. Pure endoscopic excision without using a microscope was performed in 12 patients (►Table 1). In 88 patients, the microscope was used for most of the tumor excision; the endoscope was used for the final inspection and removal of lesions in corners. Lesions were located in the frontal (n ¼ 37), parietal (n ¼ 22), intraventricular (n ¼ 16), basal ganglion and thalamic (n ¼ 11), occipital (n ¼ 10), and cerebellar (n ¼ 4) areas. Total, near-total, and partial excision was done in 49, 29, and 22 patients, respectively. The exact incidence of tumor resection could differ slightly because MRI scans could not be performed in all patients. Total excision was possible of all benign tumors. There was no infarction or infection. Brain contusions were observed in four patients.
Use of a conventional retractor for excision of parts lying superficially and peripherally was required in seven patients. MRI in the early postoperative period could not be performed in any of our patients due to financial constraints. The incidence of contusion may be higher than reported in our series because the CT scan is not as sensitive as MRI in the detection of small contusions. There was one technical failure in the initial period of the learning curve. The tubular retractor could not be used in this patient; a blade retractor was used for tumor excision. There was difficulty in maintaining the proper position of the tubular retractor. Tubular retractor was wrongly placed parallel to the operating room floor and was being compressed/distorted by the overlying brain. Blood loss during the whole procedure varied from 20 to 500 mL (average: 100 mL).
Discussion
Expandable and nonexpandable tubular retractors have been used in various spinal techniques.
12-14 They were used for foraminotomy, diskectomy, lumbar lesions, thoracic pathologies, cervical myelopathy, spinal fusion, spinal infections, and for dural closure in intradural spinal pathology. They were also used for single-, two-, and multiple-level pathologies. can be combined with the tubular retractor system for deep brain lesions. The tubular retractor was found to be safe in our study. Other authors made similar observations. 11, 15, 19, [23] [24] [25] It was effective in our series and in other reported series.
18,19
Tubular retractors provided excellent visualization of the underlying pathology and facilitated tumor removal and dissection resulting in 49% total and 29% near-total removal of tumor in our study. It allowed rotation of the tubular retractor and some change in the angle of approach without putting extra pressure on the brain tissue, which usually occurs when malleable or other ribbon-type retractors are used. 25 Tubular retractors were also effective in reducing bleeding by gently pushing the retractor deep in the operative field and by angling it toward the bleeding vessel. Our average blood loss was 100 mL. Similar advantages of helping in hemostasis were reported by Herrera et al. 
28
Advantage of our retractor is that a small corticectomy is required due to a longitudinal cut and folding technique of the retractor. It is transparent, lightweight, and versatile, can be moved in any direction, avoids time wasted in repositioning, and a holder is not required. The technique is simple, safe, inexpensive, and effective. One can use microscope or endoscope as needed. This tubular retractor system is readily available. Tubular retractor also helps reduce bleeding (►Fig. 7). Although we had four small contusions in our series, the soft and malleable tube usually helps prevent 
Blood loss
Blood loss varied from 20 mL to 500 mL (average: 100 mL) brain damage. These contusions were in large tumors, and the brain could not be properly relaxed before introducing the speculum. Similar results of reduced brain retraction-related injuries were reported.
6,15,20,25
The technique discussed in this study was also associated with some limitations. There was one technical failure in the beginning of our learning curve due to incorrect planning of patient position. It was difficult to maintain retractor position, and there was distortion of the shape of the retractor by pressure from the surrounding brain. It is difficult to remove peripheral and superficial part of a large tumor with a tubular retractor as mentioned earlier; use of a conventional retractor could be required in such situations. The tubular retractor system, conventional blade retractor system, and retraction with the help of micro-instruments can be used for patient benefit. The retractor should be nearly perpendicular to the floor of the operating room to allow proper retraction. It is difficult to maintain parallel orientation of retractor to the floor. The overlying brain tends to cause pressure on the wall of the retractor, distorting its round shape and thus adding to the difficulty of surgery (►Fig. 6). Total tumor removal may be difficult especially in large tumors (►Fig. 9) and calcified tumors in the beginning of the learning curve. 16 Proper case selection, especially at the beginning of the learning curve, is required. We performed hematoma removal in the beginning of our learning curve, and only after removal of 50 hematomas did we start tumor excision. Proper planning about the site of skin incision and patient positioning is very important (►Fig. 6). This procedure is associated with a steep learning curve, which is commonly observed in most endoscopic procedures.
29-31
Surgeon should practice this procedure in the laboratory to avoid complications. Exact incidence of postoperative contusion could be higher due to the nonavailability of MRI in the early postoperative period. Nasal speculum opening (even if slow and gentle) may produce contusion in a tight brain especially in a large tumor. Every attempt must be made to make the brain lax before introduction of the speculum to avoid contusion. Likewise, the incidence of tumor excision could be different as postoperative MRI could be performed in 81% of patients. There is no holder in this system; one micro-instrument, held by the surgeon or assistant, is required to maintain that angulated position. A pen-type grip and well-supported hand on the operative site is helpful to improve precision. [32] [33] [34] Single-shaft instruments are preferred rather than double-shaft instruments because they occupy less space. 34 The endoscope must be positioned properly in an already limited space. The scope may obstruct movement of the instruments. 
